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INTRODUCTION Hea
Environmental exposure to lead has long been recognized as a public health Se
problem particularly among children. The vulnerability of the age group 1 to § sequ
years to soil lead is enhanced because of their hand to mouth activities, pica, and Dun
a high rate of intestinal absorption. Excessive concentration of lead in soil has shift
been shown to increase lead levels in children (Lin-Fu, 1973a, b; Mielke ef al., lead
1983; Duggan and Williams, 1977; Brunekreef et al., 1981; Roels ez al., 1980; tion:
Schmitt er al., 1979). As a result, there has been an increasing awareness for the The:
need to monitor lead levels in soil and to control soil lead contamination by mor
maintaining a ‘‘safe’’ level. Given the widespread presence of lead in urban soil, , inta:
reduction of lead to background uncontaminated levels is not possible (National : its £
Academy of Sciences, 1980). The major focus of this report is 0 propose a *‘safe’’ { mee
or permissible level of lead in soil in highly urbanized areas, below which potential i T
adverse health effects will be minimized. ‘ of t!
| t
BACKGROUND | ove:
Environmental Assessment ; leve
Soil lead contamination has been attributed to various sources (American Acad- i. 10?:
emy of Pediatrics, 1985). Flaking lead paint, particularly in and around houses or fror
buildings has been considered as a major source of contamination. Air-borne lead tion
particles deposited in soil is another important source. Emissions from industries, ave
from incinerators and similar sources, and from vehicular traffic using leaded dat:
gasoline contribute to soil lead conteat. Urban environments receive a higher Lea
deposition of lead from vehicular emissions than rural areas. Furthermore, lead low:
- concentration in urban soils are not evenly distributed (Mielke ez al., 1983). be -
In general, lead tends to remain at the surface soil and concentrations are lower acic
at deeper layers. Lead-contaminated soil and dust have been identified as impor- ditic
tant sources of exposure for children especially in an urban setting (Duggan and cle:
Williams, 1977). Wide variations in soil lead levels have been observed. Studies 1
f (Ca
' This paper was presented at the American Public Health Association 114td Annual Meeting, for
September 28-October 2, 1986, Las Vegas, NV. blo
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LEAD IN SOIL 137

have reported values ranging from less than 100 ppm to well over 11,000 ppm
(National Academy of Sciences, 1980). In a recent study in Baltimore, the lead
levels in garden soil samples ranged from 1.0 ppm to over 10,000 ppm with a
median of 100 ppm (Mielke e al., 1983). Spittler and his co-workers did a similar
study on garden soil in Boston (Spittler and Feder, 1979). Soil lead levels were
higher in inner—cities and near roadways. Also, front yards of homes facing road-
ways had higher lead coatamination than backyards. Automobile and industrial
emissions have been found to be mainly responsible for increase in urban soil lead
levels.

Health Effects

Severe lead toxicity often causes encephalopathy. Prevention of this serious
sequelae of lead poisoning was a major focus in the 1960s (Mahaffey, 1983).
During the 1970s, recognition of chronic exposure of lead and its cumulative effect
shifted the emphasis to the understanding of the adverse effects of low levels of
lead intoxication. The study by Needleman er al. (1979) showed a positive rela-
tionship of lead in shed milk teeth with poor ratings from classroom behavior.
These findings supported the *‘no threshold’’ view and also indicated the need for
more attention to be given to cumulative adverse effects of lead at low levels of
intake. A recent study in Boston (Bellinger e? al., 1987) emphasized this view with
its findings on fetal lead exposure associated with retardation of mental develop-
meant,

The blood lead concentration has been generally accepted as the best measure
of the external dose of lead (National Academy of Sciences, 1980), although it is
not considered as a reliable index of past absorption or of toxicity per se. How-
ever, Needleman er al. (1979) had observed that children with higher tooth lead
levels tended to have had higher blood lead levels previously (4 or § years prior to
tooth shedding).

In recent years, progress has been made in achieving the goal to remove lead
from the environment of children before it enters their bodies. The Second Na-
tional Health and Nutrition Examination Survey (NHANES-II) has established
average blood lead levels for the U.S. population (Mahaffey er al., 1982). These
data demonstrated that urbanization was associated with an increased blood level.
Lead levels in blacks were on an average 6 .g/dl higher than those in whites. The
lowest blood lead associated with adverse biological effects has been observed to
be 10 pg/dl (Minnesota Department of Health, 1984). ALAD (A-aminolevulinic
acid dehydratase) inhibition is associated with this low level. More serious con-
ditions such as anemis and neurologic effects occur at higher levels of blood lead
elevation.

Leaded gasoline makes a substantial contribution to soil and dust lead levels
(Caprio et al., 1974). The reduction of lead in gasoline and removal of lead in paint
for residential areas have been primarily responsible for a decline in the average
blood lead levels in children on a national basis. In areas with very high concen-
trations of lead in soil and dust, large-scale cleanup operatioas of soil or relocation

of the population will be the ideal remedial actions to protect children from undue



138 MADHAVAN, ROSENMAN, AND SHEHATA

lead exposure. Such responsibilities for regulating lead exposure include the set-
ting up of acceptable levels of lead in soil by government agencies.

MATERIALS AND METHODS

Several studies have found that lead in soil is positively correlated with blood
lead in children (Brunekreef, 1981; Roels e al., 1980; Schmitt ef al., 1979). The
U.S. Environmental Protection Agency (EPA) estimated the blood lead soil slope
as ranging from 0.6 to 6.8 ug/dl per 1000 ug/g of soil lead concentration (U.S.
Environmental Protection Agency. 1983). Available data on the estimates of the
amount of soil ingested by children showed 100-fold variation and were not con-
sidered useful in deriving a **safe’" soil level (Binder ez al., 1986; Clausing er al.,
1987; Hawiey, 1985).

Duggan (1980) did an assessment of the relationship of blood lead and lead in
soil/dust, based on 21 samples out of nine studies, which had data permitting a
quantitative estimation of the blood lead slope. His estimate was an increment of
5 ug/dl of blood lead per 1000 ppm of lead in soil. These studies varied a great deal
in the type of soil and the study population. Soil or dust source included various
types such as boot tray dust, house dust, outdoor dust, playground dust, and soil.
Most of these studies were on children under § years of age, a few on older
children up to {4 years, and one on a mixed population of aduits and children. The
blood lead slopes, computed by Duggan for ajl 21 samples, were available, ranging
from 0.6 pg/dl to 65 j.g/dl per 1000 ppm of lead in soil.

We based our analysis on 8 of Duggan's 21 slope estimates. We selected these
8 slopes because soil was the only source of lead, not house dust, etc., and only
blood levels from children under 12 years, the most susceptible group to lead
toxicity, were used to derive the siopes.

RESULTS AND DISCUSSION

The results of limited soil sampling in New Jersey found that median values of
lead in surface soil samples from different areas in New Jersey vaned from 4 ppm
to 1245 ppm (New Jersey State Department of Health, 1985). The overall median
levels were 238 and 73 ppm for suspected contaminated and control sites, respec-
tively. Newark had the highest median of 1245 ppm followed by Jersey City (668
ppm), Secaucus (495 ppm), and other towns with levels below 400 ppm. Samples
from areas in Princeton and Flemington were below 100 ppm. As observed in
carlier studies, front yards of homes in Newark had a higher level (1755 ppm) than
backyards (1060 ppm).

Table 1 shows the siopes ranging from 0.6 to 65 ug/d! per 1000 ppm of the eight
studies selected to derive an acceptable level for lead in soil. As lead levels in
blood are known to be distributed lognormally, and the range for slopes (0.6-65.0
wg/dl) is very wide, analysis was done on base 10 log transformations of the
slopes. The mean of the base 10-logs is 0.5321 with a standard error of 0.243S.
Transforming back, the geometric mean and the geometric standard error of the
slopes is 3.41 = 1.75 ug/dl. Applying the *‘worst-case’ or upper-limit analysis to
the base 10 logs, the one-tailed 95% upper confidence limit equals 0.5321 + 1.65
X 0.2435 = 0.9339 (American Industrial Health Council, 1985; Wilson and
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TABLE |
DATA RELATING TO L2AD 1d BLOOD WiTH L2AD 1N Son®

Number Ags of

of persons persons Slops
Author and reference in study (years) (ne/dV'1000 ppan)
Angle ¢ al. () 153 2-5 65.0
Angle et o, (i) 25 10-12 15.0
Baritrop et al. 82 2 0.6
Galke et al. () 187 upto 33
Galke er al. (ii) 187 upto § 1.6
Shellshear et al. 68 - 19
Yankel ¢! al. (i) 1149 1-9 0.6
Yankel er al. (if) 1149 2-3 2.8

® Source: Duggan (1980).

Crouch, 1982). Transforming back, the antilog is 0.9339-8.5877 ug/dl per 1000
ppm of lead in soil. This slope corresponds to the worst case situation.

Using the slope 8.59 ug/dl, soil concentrations have been calculated for differ-
ent amounts of blood lead contributed from soil, as shown in Table 2. Having
computed the soil concentration for different amounts of blood iead contributed
through soil, the next important consideration is the choice of the permissible
amount of blood lead from soil. The soil lead concentration corresponding to this .
blood lead level would be the suggested lead permissible level. Keeping in mind
the background level of blood lead for children under 12 years, the ideal situation
would be to have no increment in blood lead level contributed from soil. This
stringent condition demands a zero level concentration of lead in soil. Looking at
estimates of soil lead levels available from various studies in the United States and
elsewhere, one realizes that to bring down the lead concentration to zero would be
an impractical task. As shown in Table 2, even for | ug/dl of blood lead from soil,
the soil concentration has to be around 100 ppm. If 5 pg/di of blood lead is chosen
as a tolerable level, the corresponding soil concentration is 582 ppm, rounded off
to a figure of 600 ppm., With a suggested permissible level of 600 ppm, it can be -
stated with reasonable certainty thet this soil concentration will contribute mo
more thas 5 ng/dl to biood lead for childrea under 12 years. The selection of §

TABLE 2
L2ap ConcaNTRATION (N SOm. 8Y BLOOD LiaD CoNTRIBUTION FROM SOl
Blood isad Soil concentration (ppm)
from sod® at 95% upper confidencs
o) lionig of 8.59 ug/dl 1000 ppee

1 116

s b

| 1164

1s 1746

» 18

b 2310

* Ia addition to background level.
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. ng/dl is somewhat arbitrary. The median blood lead of childrea 6 months to §
years between 1976 and 1980 was reported to be 16 ug/dl for whites and 20 ug/dl
for blacks. Since lead accumulates there is no absolutely *‘tolerable’’ increase of
blood level. Allowing an increase of S ug/dl above the median level is probably not

.
advisabie. The national median levels, however, are probably partially attribut- f
~ able to soil contamination. Table 2 therefore needs to be used as a guideline to the v
upper hmit of accumulation not as a standard which if met guarantees absolute <
. safety. F
This suggested level of 600 ppm lies within the range given by the Center for t
Disease Control (1985) in the following statement: ir
"'In general, lead in soul and dust appears to be responsibie for blood lead levels in children ibn
increasing above background level whes the concentrabos in the 30il or dust exceeds 300~ i
1000 ppm."’

A similar analysis was done by the EPA. (U.S. EPA, 1983). In that analysis the
value of 65 ug/dl/1000 ppm from one study (Angle, see Table 1) was not included.

Eliminating this outlier would change the 95% upper confidence limit of the slope ‘ L
' from 8.59 that we used. to 4.52 ug/dl/1000 ppm. This would approximately double - ' o
the soil levels presented in Table 2. Eliminating the upper and lower outliers in ~ ©
Table | would not apprecaably change the slope or values in Table 2. Because of Ju
the uncertainty involved in selecting a “‘safe’ level we do not feel that it is . :
warranted to exclude the data at either extreme. I
Furthermore, it is important to keep in mind that exposure of childrea to lead- ! Az

contaminated soil or dust is enhanced when they play on nongrassy surfaces than .
on grass-covered areas (Lewis and Clark County Health Department ef al., 1986), ! Ax
a scenario similar to the vulnerability of children exhibiting mouthing behavior.

In conclusion, maximum permissible levels of lead in soil have been recom- Bel
mended by.the New Jersey State Department of Health, based on the dose— - :
response relationship of lead in s0i} and dlood lead i children as follows: . !

1. A maximum permissible level of 250 ppm of lead in soil is recommended in ;
areas without grass cover and repeatedly ased by children below 3 years of age ' Bru
amoung whom mouthing objects is highly prevalest. This level may add st the most :
about 2 ug/dl to the blood lead level of children.

2. A maximum permissible level of 600 ppm of jead in soil is recommended in CW:

areas repeatedly used by children below 12 years of age. This leve! may add at the i Cent

~ most 5 pg/dl to bicod lead level of children. + ; ‘
3. A maximuss permissible level of 1600 ppm of Jead i 30l is recommended in Clau

areas such aj indisirial parks or siong streets and highways or ia other areas Du“

) infrequented by childwen. Athough these aress are not expectad 10 be placey :
where children play, we do not fesl that this can always be assured. Additionally Dug

we ase coacerned sbout migratios of lead off thess sites on the footwear or clothes t

of aduits.’ Haw!

The Department of Health also recommends that municipalities should consider ‘-“"'S’

the passage of local ordinances prohibiting the development of residential areas in L

lead-contaminated s0il unless the lead soil concentration is reduced to the appro- «

priate maximum permissible level.

s
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in soil suggested as a *‘safe’’ level would contnibute no
. more than $ ug/dj to to
plooq lead of children under 12 years of age. Maximum permissible levels of leaud‘
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Reducing Lead Uptake in Lettuce

N.L. Bassuk?

Urban Horticulture Insritute, Department of Floriculture and Ornamenial
Horticulture, Cornell University, Ithaca, NY 14853

Additional index words. heavy metals, engine emissions, airbome lead deposition,

Lactuca saniva. phosphorus, organic matter

Absiruci.  Lettuce plants (Lacruca sative L. ‘Dlack Seeded Simpson’) were grown under
greenhouse conditions In solls artificially contaminated with PbC);. The udditivn of
organic matter or P substuntiuily reduced Pb uptake. Diffes eut ty pes of o1 ganic matter
reduced uptake in the fullowinyg wuy, frum wost 1o Jeast effective, respectively: muck
soil > manure > ground-up leaves >~ sphagnum pest. The addition of 100 ppm or
freater P aiso reduced Ph uptuke. Leud depusited outo leaves frow the eilsstons of a
gasvline engine cuuld Le removed by washing leaves in 1% agueous acetic acid or 0.5%

liyuid Jetergent solution.

Duriug the past 10 years, there have been
increasing numbers of people growing their
own vegetablcs in inncr-city aress. This wend
has given rise to some coucery about the
heuvy metal content of ciry-grown produce,
particularly its Pb content (1, 6). The World
Health Organization recommends thut adult
daily inwke of Pb nut eaveed 254 ug-dayt
{14). Children under 3 years of age who ure
most susceptible to Pb tuxivity should take
in a0 more then 100~200 uy-day!, accoid-
ing w Mdhaffcy (8).

Sous ranging in Pb content from 2006000
ppm have been documented in many cities
including New York, Boston, Bultimure,
London, Curacas and Chriswchurch, New
Zealwndd (2, 3, 6, 11). Although Pb is not
particularly mobile in (e soil, under some
conditions it can bc taken up in substantal
quantities by plants growing in contamunated
soil (1). Lead also »n deposited directly onto
growing leaves from automobile emissions,
making it difficuit to scparate depusited frum
ransiocated lewd (13).

Numerous studics have documented that
Pb levels rise in the suil with neaucss to
traffic (12, 13). The other major source of
Pd in urban garden soils comes (rum buiki-
ing rubble, where Pb-based pant was used
.

Severa) factory affect Pb conteat in urban-
gown vegetadbles, includiag soi! pH, level
of Pb in the soil, organic matter content.
cation exchange capacity, presence of other
clements (capecially P and ), plant age and
specics, part of the plant eqten (leaf, root,
or fruit) and nearmess to automobile emis-
sions (1. 6).

The objectives of this project were to de-
velop practical recommendations for the ur-
bun gardener 10 prevent Pb uptake by plant
roots and to find a method for removing air-

Received for publication 16 Aug. 1983.The cost
of publishing this paper was defrayed in pat by
the psymaent of page charger. Under postal regu-
latjons, this paper tharefore must be hersby marked
advertisement solely to indicate this face.
'Assistant Professor
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borme P'b particulatcs from plant lcaves,
POCl; was edded to a clay loam sud (pH
6.8), which had a background level of 28
ppni Pb, resulting in soil Pb concentrations
of 638 and 3520 ppmi. Phusphiorus in the
form of Ca(HaPO,); was mixed in the Pb
contaningted soils o achieve P readings of
$0, 100, 215 and 400 ppm after moist in-
cubation for one month. This form of P was
used based oa its previously reported effec-
tiveness in reducing Pb uptake {rom coatara-
inated soils (15). lan another cxpcriment.
varying proportions of organic marer (100%,
5%, 50%., ur 25% (v/v)] weie incorporated
inw e 3520 ppm Pb soil. Four types of
organic matter were used: muck suil: well-
decomposed manure; dricd, ground-up leaves;
and sphugnum peat. POCl; was added to ad-
just for the dilution effect of the added or-
ganic matter, and these treatments also were
incubsted moist for one month.
Two-week-old seedlings of 'Black Seeded
Simpyon' were uansplanted into 2.36-cm (6-
inch) pots containing the treated soils. De-
pending on the experiment, pots were rep-
licated 3. 8, or 6 times. completely
rundomized, and grown in & {21%16°C (day/
night)] greenbouss for 3 months, after which
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ume the tops were harvested, dried. and
ground in & Wiley mill.

Potted seedlings were also cxposed 10 the
eahiaust fuines Crumn @ 2-stroke gasoline en.
gine thot used leaded gasoline. Twenty 2-
week old seadlings were potted into clean
soil with all exposed soil covered by alu-
minum foil and then placed in a ventilated
clear-sided box while cooled exhaust was
blown over their foliage for 5 min twice a
day at 10:00 AM and 3:.00 pm for 3 months.
The tops then were harvested and treated 1o
the following ways: washed with tp weter,
1% ayuevus acetic acid (vinegar), 0.5% hg-
uid detergent solution, or not washed Ore
gallon (.78 litcrs) of washing soiution was
made up for each replicute. which was in-
Jividually agitated in it for 2 nva. An -
gassed greenhouse-grown conuol treaimer:
also was included. Following the washing
treaunents, the tops were dried and ground.

Fivc-gram samples of all replicates of al!
experituental treatiients were ashed at $50°C
and the residues taken up i HC! Leud was
analyzed by atormuc absorption spectroscopy
Soil Pb was analyzed by digesting cach sause
ple overnight in 8 ~ nitnc acid, filiered, &i-
luted. and analyzed using atomic absorpuon
spestroscopy. Soil organic matter was deter-
mined by loss on ignition and P determuned
colonmetrically (4). An analysis of vanance
was performed on the data 10 scparate treat-
ment differences.

In the suil cuntining 635 ppm Pb. Uic
addivon of 100 ppm or greater P signifi-
cantly decreased the amount of Pb taken up
by the plant; however, in the 3520 ppu Pb
soil, 218 ppm P ar greater was necessary w
prevent the uptake of Pb (Pig. 1). These dana
yuppurt the work of Zimdahl and Fusier (15),
who found that P had to be increased to off-
set an increased level of Pb iu the s0il How.
ever, cven after reducing Pb uptake by 36~
40%, these authors sull showed high leveis
of Pb taken up by com plants (34 ug 3! ary
weight). Other researchers have shown that,
while the amount of svailabic P influcaccs
Pb uptake, it is significantly less usefui than
pH or canon exchange capsacity as a facior

218 IW's

P (ppm

Fig. 1.

The effect of 4 lerels of P o Ph aptakc by lettucy gruwn un sils cuntatning hign Y427 prme

and low (638 ppm) P lescia. N @6, LSO (5%) = 3 183 ppun.
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The effect of 4 types of arganic maner soil amendments in varying propartions on Pb uptake

i lettuce grown in soil contaiming 3520 ppn Iead. N = 3, LsD (3%) = 6.432 ppm.

limiting Pb uptake (S, 15). Nevertheless, in
the sail with the highest Pb level (3520 ppm),
the add:tion of 21S ppm P prevented Pb from
being taken up in concentrations grester than
that wken up from the uncontaminated soil
conuol (9 ug-g dry weight) (Fig. 1), From
the practical level. however, this much P may
have no additionul bencfits for plant growth
other than preventing Pb uptske and roay be
harmful by reducing the availability of soil
micronutnents.

The addition of organic matter, however,
o Pb-contuminated soils seemed a more
promising mcthod of preveniing Pb uptake
in thut there arc many inexpensive sources
available to city gardeners, while the addi-
tion of organic matier would have additional
beneficial cffccts on plant growth snd soil
structure. Three readily available sources of
orgunic matier {Jeaves, spaghnum peat, and
well-decomposed manurs) plus an organic
muck soil collected near Ithaca, N.Y. were
compared in effecuvcness in preventing Pb
uptake in a soil of 3520 ppm Pb content.
The buckground levels of lead in these or-
garuc amendments were as follows: Jeuves,
32 ppm; peat, 11 ppm; manure, 29 ppm; and
muck soil, 45 ppm. Leuuce uptake of Pb in
contumunated soil without organic amend-
ment was 37.6 pgeg! dry weight. Letuce
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Fig. 3
emissions. N = 5, LSD (5%) = 2.347 ppm.
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grown in the control noncontaminated soil
had a Pb uptake of 9 g 'g'! dry weighi. The
2 best s01l amendments were muck and ma-
nure, which showed a 73% und 63% rcduc-
tion of Pb uptake, respectively, in soils with
2 25% (by volume) addition of organic mat-
ter (Fig. 2). Peat and ground leuves were the
least effective amendments, showing reduc-
tons in Pb uptake of unly 55% in the 100%
organic mattcr veatment. These latter 2
treatments, however, nay have been con-
founded by their low pH (4.4 and 3.7, re.
spectively) whilc the pH of manure and muck
soil were 6.7 and 7.4, respectively. Numer-
ous authors have cited the effect of low pH
on increasing Pb upluke, and these results
would tend to support their observations (1,
5. 15). However, the unumended soil pH
was 6.8, rcfuting the idea that high pH alone
in sufficient (o preveat I'd uptake.

Although mapy rescarchers have reported
the unpuriance of increased cation exchange
capacity and organic matter in reducing Pb
upuake (9, 10, 15), few have added orgunic
maiter of different types and volumes so that
the urban gardcncr could use the results
practically. Liebhardt and Koske added up
(0 30% (by volume) of a commescially uvail-
ablc composted refuss containing 300 ppm
PO t0 s0il end (ound no significant Pb uptake

NOT GASSED

YINEGAR SOAP ¥ASH
YASH NO ¥ASH

The cffect of washing ueatments on Pb levels in lettuce lesves expusad 1o gasoline engine

PR3E .23

in rycgrass and corn but did find increased
uptake in snapbeans and soybcans (7). Zim-
dah] and Foster reported that the additon of
€% cow masure reduced Pb uptake in com
shoots and roots from $6 ug-g*' dry werght
025 ug-g! and 85 pyg-g! w48 pg gt dry
weight, respectively (15). Thix study, how-
ever, did not countcract the diluting effect
of added urgunic matier by adding additional

Lettuce plants that were " gassed ™’ with en-
ginc exhaust conwining Pb showed elevated
Pb levels (17 2 ug-g dry weight) compared
0 the ungassed controh (9.3 pgg! dry
weight} (Fig. 3). Washing with water alonc
removed only some of the Pb, while the ad-
dition of wcctic acid or liquid detergent to
the water removed 1t 10 a leve! equal 10 that
of the ungassed vuntruls. Preer e al (13,
washed jeaves of lettuce thut had been grow.
ing neur ¢ hewvily traveled road 1n water and
removed 70% of the Pb found in the leaf

we conclude that lettuce growr in Pb-
contaminuted soil can be prevented from tak-
ing up Ph by the addinva of P at or greater
than 100 ppm P or by the addition of 25%
(by volume) organic matter in a form such
as composted manure or muck soll. Al
though additional P was effective, it mey
cause unavailability of soil micronuments and
may be a costly item for urban gardeners.
From a practical level, organic matier
amendment iy preferred becguse of its effes.
tivencss, inexpensive availabilty, wnd ud-
ditional benefits for plant growth and «nil
structure. '

Lead particulatcs are effectively removed
from lequce leaves by the addition of dilute
acelic acid (vinegar) or liquid detergeni
the wash water.
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Transmission of Xanthomonas

campestris pv. prun

i in Plum and

Apricot Nursery Trees by Budding

C.A. Goodman and M.]J. Hattingh

Department of Plant Pathology, University of Stellenbosch, Steilenbosch

7600, South Africa

Additional index words. bacterial
rootstocks

Abdsiruct.
meniaca L.) and plum

fpot caused by Xanthomonas campestris pv.

spot, budwood, Prunus armeniacu, Prunus salicina,

A study was made of the importance of the source of apricot (Prunus ar
(P. salicina LindL.) buds on subsequent development of bacteria)

pruni (Smith) Dye on scion shoots and their

rootstocks. Visibly infected buds budded onto ‘Marianna’ rootstock took poorly, and
ali developing shoots became Infected. Symptomless, suspect buds from diseased trees

had an Increased rate of take,
collected from healthy trees guve the
shoot infection.

Bacteriul spot of stone trunt caused by
Xanthomonas campestris pv. pruni (Smith)
Dye sporadicaily causes hecavy crop losses in
cerin fruit-growing areas of the Westarn
Cape Province of South Africa. Apricit, peach
[Prunus persica (L.) Batsch], and Japanese
Plum arc the most scverly affected cco.
nomic hosts. Receat large plantings of nec-
rine (P. persica var. aectarina (Ait.)
Maxim ], particularly the late-maturing cul-
tivars, are also threatcned.

Most stone fruit trees in South Africa are
produced in Novembder and December
(equivalent to June budding in the Northern
Hemisphere). If the bud does not take, the
rootstock is sometimes cut back below the
dead bud and rebuddcd. Furthermore, bud.
wood of stone fruit trees might contain buds
that are visually infected with X. campestris
PY. pruni. Some nurserymen belicve that these
buds will always dic and therefore do not
transmit the pathogen. [t is also not known
what risk there is in using visually healhy
budwood derived from discased tees or from
apparently healthy trees in an infected of-

Received for publication 4 Dec. 1985. From an
MSc (Agriculture) thesis by C.A.G. The cost of
publishing this paper was defrayed in part by the
peyment of pege charges. Under postal reguia-
tions, this paper therefure muse be hereby marked
advertisement solely w indicate this fact.

HorTSCiencE, VoL 21(4), AvousT 1986

and fewer shoots were infected. Visually healthy buds
highest rate of take and lowest petcentage of

chard. Thi¢ investigation considers transmis-
sion of X. campestris pv. pruni from different
budwoud sources.

Rootsocks were estublished in the open
ground. Before planting, the soil was treatcd
with sthylene dibromide for nematode con-
trol, snd various festilizers and dolomitic lime
were applied as rccommended after $0i]
anglysis. Imrigation was by overhead sprin-
klers. Granular fertilizer and nutent sprays
were applied during the growing season.
Routine pest and diseasc spray programs were
followad, but antibiotic or copper sprays were
svoided.

Budwood was cut ut random from 4-yoar-
old plum gees in an orchard where about
T0% of the trees exhibitcd severe symptoms
of bacterial spot. On affected trees, branch
cankers and leaf lesions were well-devel.
oped. Budwood also was taken from 6-year.
old apricot trees in an orchard where about
15% of the owes had symptoms of the dis-
ease. A distinction was made berween vig-
ually healthy buds obtaincd from spparently
healthy trees, suspect buds that appeared to
be healthy but were obtained from diseased
trees, and infected buds from branches with
cankers cxtending into the base of the bud.

Budwood und rootstock matcrial, time of
budding, and oumber of buds insertcd per
combination are listed in Table 1. The in-
veried T-bud method (8) was used. Root-

Stocks were pianted at 1S.cm intervals ANrows
1 m spart. ‘Marianna' (P. cerasifera Chyl;
X P.munsoniana Wight & Hegr.) roctstock
cuttings were planted in sprng. Ind epi ol
rootstock were grown from seed planted :ne
previous spring Skadccloth (3 m high: was
used to scparate rows grafted wiik infecied
buds from those grafted with suspect anc
visually healthy buds. Results weye secorded
8 weeks after budding. but sccondary spread
of the disease was monitored o ¢ Tcre
weeks.

Isolation and idenrficanon of X. campes.
Tis pv. pruni from infected shoots Plum and
upricot shoots werc surfuce-disinfesied wieh
70% ethanol and lamed. Discascd shoo: ts-
sue was excised aseptically, placed in 3 2C-
ml, screw-cap bottie contaiming 10 m| stenle
buffercd saline (12), shaken vigorousiy for
scveral minutes, left for 2 hr, reshaken, and
loopfuls of the suspension streaked onto Difco
utrient agar. Pure cultures of X campesiris
pv- pruni were obuined by repeated subcui-
turing on nutrient agar. The identity of the
pathogen was confirmed by the spot test (1)
using the specific bactenophages FII and FTV
7).

Devclopment of bacterial coloncs on nu-
trient agar indicated that infected, suspect,
and visually healthy plum and apncot buds
genenally conwined numerous. fow. and no
X. campesiris pv. pruni cells. respectively.
at budding. Successfu! take of visualiv in-
fected plum buds was low (<50%). and al!
shoots developing on ‘Marianna® rootstock
from these buds were diseased 8 weeks after
budding (Table 1). The pathogen was readily
isolated from diseased shoot and leaf tissuc
of both plum and spricot. Infectea shoots
were severcly stunied and usually had a canker
4t the graft union and wt one or more sites
on the shoot. Ofien. cankers almost gurdled
the shoots, causing some (0 snap off in sgong
wind. Leaf infection was severe, and <pots
usually coalesced to form ragged holes. Many
leaves were deformed, and beavily infected
ones hud a silvery sheen. Infectey shoots were
thinner than thosc developing from visually
healthy buds. Of the ‘Manianna' rootstocks
on which infectcd buds did not take. 65%
produced watersprouts. Mot (88%) of these
watcrsprouts developed cankers and leaf spots
typical of bacterial spox.

Bud take of suspect plum and aprca t ds
on ‘Marianna’ was reasonably high 1 62..90%"
Shoot infection was reduced (4367% . Sur
symptoms were sumular to those resu.iing o
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A STUDY OF SOIL CONTAMINATION AND PLANT Lm‘f
UPTAKE Itt BOSTOH URBAtI GARDEHNS Ofc %o '
V WORDS: Lead, vegetable gardens, toxicity

4:1
Thomas M. Spittler and William A. Feder!'® <

U. S. Environmental Protection Agency dhk3>}

Surveillance & Analysis Division - Region |
60 Westview Street
Lexington, MA 02173

STRACT :
This study has demonstrated a serious problem of Pb
mtamina.ion in the norual environment of many urban
vsidents. Many soil samples have been analyzed by X-ray
‘luorescence spectroscopy from backyard and play areas as
211 as from large community gardens and playgrounds. An
+serage Pb level of 800 ppm was found in about 900 soil
imples. The elevated Pb levels are definitely traceable
'o widespread use of Pb paint in the past. Tissues of
selected plant species grown in garden soils containing
fb levels ranging from 100-2000 ppm showed differing affin-
ities for Pb uptake. The amount of Pb found in tissues was
1enerally related to the soil Pb concentration but was also
organ or tissue related; fruits taking up less than roots
and roots less than tops. Experimental design insured that
the soil was probably the sole source of Pb in this study.
This points to positive translocation of Pb from soil into

plant tissue.
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Figure 2. Histogram of Pb Variation in 900 Garden and Pla.

Soil Samples.

these elements could be paired with varying high soil Pb
concentration. These data, and the inference from Figure 1,
pointed to leaded paint as a significant source of soil con-
tamination in yards, gardens, and vacant lots--since turned
into playgrounds and community gardens.

During this same summer and fall, several vegetation
samples were collected from urban gardens and analyzed at
private laboratories. Levels as high as 30-50 ppm Pb {0.W.)
indicated that plant uptake could be a serious problem (Fiqure

4). Typica) market basket vegetation has been found to conta!’

1-5 ppm Pb (D.N.)B.
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Figure 3. Evidence for Pb Paint Contamination of Garden Soil.

Three important questions emerged from these preliminary
*ialyses: (1) Was there any relationship between soil lead
‘ontent and edible plant uptake? (2) What was the variation
“f lead uptake with plant species? (3) Was it possible to
fifferentiate soil lead translocation from airborne lead con-
tamination of vegetation? This study addressed itself to these

isestions.

YATERIALS AND METHODS
Seven gardens were selected from those tested. Pb levels
ringed from 100-2000 ppm. Approximately 55 gallons of soil
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TABLE 2
Moisture Content of Vegetation Samples

Plot Number
Crop Type 1 2 3 4 5 6* 7 8

- - - - % Moisture - - - -

Bean

fruit 84 88 88 94 87 - a8 90
Radish

Top 9] el 90 9] 88 9] 9]

Root 96 - - 95 96 93 93 93
Beet

Top 90 88 93 88 90 - 89 90

Root 76 77 81 86 79 - 76 89
Carrot

Top 74 78 77 - 83 - 77 78

Root 32 86 85 - 86 - 83 8?2
Lettuce

Top 97 93 94 93 97 - 93 93

*Only one crop harvested. As-sterile soil.

**Recovery data not recorded.

analysis of soil from any one plot showed good uniformity of
mixing. Except for two plots (#2 and 8), six aliquots showed
variations of lead content of less than ¢+ 17%. Even this
inhomogeneity is minimized by combining all plant tissue from
any one crop into a single sample prior to analysis.
Calibration of the XRF instrument was first performed
using portions of Pb-free fine-grained sand which were spiked

with PhCls. These samples served as rough comparison standards

I.FAD CONTAMINATION IN URBAN GARDENS 1203

sut, in a subsequent interlab study, were found to give high
~esults for soil Pb analysis. A second set of standards was
nrepared from four of the garden soils as follows: About 10-g
iieved soil was thoroughly mixed for homogeneity. Two gram
1liquots of these samples were spiked with standard AA Pb
;olution to yield spikes containing approximately 1/2 x, 1 x,
1.5 x, and 2 x Pb where x is the estimated Pb content of the
-0il sample. Standard add ion plots (Figure, 5) were then

ade by analyzing each set of spikes plus one unspiked aliquot
f each soil. The set of four unspiked samples then became a
<cference set of soils for future comparison with Pb contam-
inated soil. These data agreed well with analyses performed
Yy four outside laboratories on split samples. (Article in
areparation.)

Plant tissue analysis was also done by the XRf technique.
Fb has a sensitivity limit of 5-10 ppm in a low atomic weight
"atrix. To increase sensitivity, 2.0 g dry tissue were placed
in a porcelain crucible and muffled to 550°C for about 2 hours.
Temperature was raised about 100°C/30 min. starting at 200°C.
This procedure gave slow and almost complete ashing of organics
and reduced sample weight by a factor of 4-20. This technique
was tested by spiking vegetation samples with Pb solution
before and after ashing. Pb losses were estimated at less
than 15% due to the muffling procedure.

This technique was further checked against three outside
labs by splitting eight vegetation samples with the USDA lab
in Beltsville, MD. under Dr. Rufus Chaney, an MIT lab under
Dr. James Fox and the University of Lowell Chemistry lab under
Or. Robert Litman. Comparative data and methodology are shown
in Table 3. Finally, the NBS Reference Sample Orchard Leaves
41571 was analyzed by the XRF method in our laboratory. fRe-
tovery of the Pb was about 85..
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Figure 6. Pb Content of Lettuce and Radish Grown in Urban Gar¢
Soils Under Greenhouse Conditions.

tion permit us to conclude that we are measuring soil Pb uptake
almost exclusively. Were these same vegetables grown under
normal gardening conditions, one could expect some added con-
tamination from aerial deposition of aerosol Pb, wind-stirred
soil Pb, and accidental contamination from soil Pb owing to
cultivation practices.

Based on the results of this study, recommendations to
the Boston Gardening Community for the 1978 season for gardens
with high lead levels (> 1,000 ppm), were to confine gardening
in such soils to fruiting crops which showed minimal Pb uptake
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Figure 7. Pb Content of Beet Tops and Roots Grown in Urban Garden
Soils Under Greenhouse Conditions.

even in highly-contaminated soil. Where soil Pb was in the
medium range (500-1000 ppm), gardeners were advised to avoid
leafy greens or develop container plots of clean soil for such
crops. Harvesting plant tops (e.g., beets, turnips) was also
discouraged in these gardens.

Aside from the obvious conclusions of increased dietary
Pb that could result from consuming contaminated vegetables,
the general problem of contaminated soil should also be noted
here. Young children have an inherent closeness to the soil
and are often observed to put soiled fingers and food into their
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-TRIBUTION OF DTPA-EXTRACTARLE FE, ZN, ANi> CU IN SOIL PARTICLE-

SIZE FRACTI()NSl

CITIONAL INDEX WORDS:  Soil particle-size fractions, micro-

nutrients,

2

“Adam Khan
Department of Apronomy
University of 1llinois

~TRACT:
To examine the distribution of DIPA-extractable Fe, Zn, and
in clay, silt, and sand fractions; surface soils were collected
, , S

“om cultivated fields of North Dakota, Soutiv Dakota, Vest Virginia,

“a, Ohio, and Illinois. Clay, silt, and sand fractions were
wa,

parated after sonic dispersion of soil water suspension aad ana-
§

“zed for DTPA-extractable Fe, Zn, and Cu. in general, clay had the

irhest and sand the lowest amount of DTPA-extractable metals.
~nsequently, clay had the highest and sand the lowest fntensity and

wacity factors for these metals since DTPA micronutrient test
“cvasures both these factors.

INTRODUCTION:

The distribution of DTPA-exiractable Fe, 7n, and Cu in clay,
silt, and sand fractions partly depends upon the amount and nature
A »
of surfaces and solid phases which cont...1 the solubility of these

retals. DTPA forms soluble complenes during extraction and there-

1211

Al Kapnis Rescrsed Neaber thaes wark noe any pad

Copynght © 1979 by Marcel Pobher Tng
May be reproduced vs transouticdin any torm or by any mesns clecttone of e hane al 1 duding

Photocopying. muaotdaung, and recording o By sy anlonmation statape and retnes s syslem

®ithout permission in wiihing frons thye pabbdeg



